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(57) ABSTRACT 

A novel nuclear receptor, termed the steroid and xenobiotic 
receptor (SXR), a broad-speci?city sensing receptor that is 
a novel branch of the nuclear receptor superfamily, has been 
discovered. SXR forms a heterodimer With RXR that can 
bind to and induce transcription from response elements 
present in steroid-inducible cytochrome P450 genes in 
response to hundreds of natural and synthetic compounds 
With biological activity, including therapeutic steroids as 
Well as dietary steroids and lipids. Instead of hundreds of 
receptors, one for each inducing compound, the invention 
SXR receptors monitor aggregate levels of inducers to 
trigger production of metabolizing enZymes in a coordinated 
metabolic pathWay. Agonists and antagonists of SXR are 
administered to subjects to achieve a variety of therapeutic 
goals dependent upon modulating metabolism of one or 
more endogenous steroids or xenobiotics to establish 
homeostasis. An assay is provided for identifying steroid 
drugs that are likely to cause drug interaction if administered 
to a subject in therapeutic amounts. Transgenic animals are 
also provided Which express human SXR, thereby serving as 
useful models for human response to various agents Which 
potentially impact P450-dependent metabolic processes. 
Also provided are expression systems and expression vec 
tors having SXR receptors and the like operably linked to 
target genes of interest. 

26 Claims, 15 Drawing Sheets 
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XENOBIOTIC COMPOUND MODULATED 
EXPRESSION SYSTEMS AND USES 

THEREFOR 

RELATED APPLICATIONS 

This application is a Continuation-in-Part of US. appli 
cation Ser. No. 09/458,366, ?led Dec. 9, 1999, Which is, in 
turn, a Continuation-in-Part of US. Ser. No. 09/227,718, 
?led Jan. 8, 1999, Which is, in turn, a Continuation-in-Part 
of US. Ser. No. 09/005,286, ?led Jan. 9, 1998, the entire 
contents of each of Which are hereby incorporated by 
reference herein. 
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the invention. 

FIELD OF THE INVENTION 

The present invention relates to intracellular receptors, 
nucleic acids encoding same, and uses therefor. In a par 
ticular aspect, the present invention relates to methods for 
the modulation of physiological response to elevated levels 
of steroid and/or xenobiotic compounds. In another aspect, 
the present invention relates to controllable expression sys 
tems for the modulation and/or production of a gene product 
and/or target protein. 

BACKGROUND OF THE INVENTION 

Nuclear receptors constitute a large superfamily of ligand 
dependent and sequence-speci?c transcription factors. 
Members of this family in?uence transcription either 
directly, through speci?c binding to the promoters of target 
genes (see Evans, in Science 240:889—895 (1988)), or 
indirectly, via protein-protein interactions With other tran 
scription factors (see, for example, Jonat et al., in Cell 
62:1189—1204 (1990), Schuele et al., in Cell 62:1217—1226 
(1990), and Yang-Yen et al., in Cell 62:1205—1215 (1990)). 
The nuclear receptor superfamily (also knoWn in the art as 
the “steroid/thyroid hormone receptor superfamily”) 
includes receptors for a variety of hydrophobic ligands, 
including cortisol, aldosterone, estrogen, progesterone, 
testosterone, vitamin D3, thyroid hormone and retinoic acid, 
as Well as a number of receptor-like molecules, termed 
“orphan receptors” for Which the ligands remain unknoWn 
(see Evans, 1988, supra). These receptors all share a com 
mon structure indicative of divergence from an ancestral 
archetype. 

Lipophilic hormones such as steroids, retinoic acid, thy 
roid hormone, and vitamin D3 control broad aspects of 
animal groWth, development, and adult organ physiology. 
The effects of these hormones are mediated by a large 
superfamily of intracellular receptors that function as ligand 
dependent and sequence-speci?c transcription factors. The 
non-steroidal nuclear receptors for thyroid hormone (TR), 
vitamin D3 (VDR), all-trans retinoic acid (RAR), and fatty 
acids and eicosanoids (PPAR) form heterodimers With the 
9-cis retinoic acid receptor (RXR) that bind bipartite 
hormone-response elements (HREs) composed of directly 
repeated half sites related to the sequence AGGTCA 
(Mangelsdorf and Evans, Cell 83: 841—850, 1995). In 
contrast, the steroid receptors function as homodimers and 
bind to palindromic target sequences spaced by three nucle 
otides (Beato et al., Cell 83: 851—857, 1995). In addition to 
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2 
the knoWn receptors, a large group of structurally-related 
“orphan” nuclear receptors has been described Which pos 
sess obvious DNA and ligand binding domains, but lack 
identi?ed ligands (Mangelsdorf et al., Cell 83:835—839, 
1995; Enmark and Gustafsson, Mol. Endocrinol. 10:1293, 
1996); and O’Malley and Conneely, Mol. Endocrinol. 
6:1359, 1992)). Each has the potential to regulate a distinct 
endocrine signaling pathWay. 

It is Widely vieWed that the hormone response is a 
consequence of the release, from an endocrine gland, of a 
ligand that circulates through the blood, and coordinately 
regulates responses in target tissues by acting through spe 
ci?c nuclear receptors. Hormone responsiveness is depen 
dent on the ability to rapidly clear ligand from the blood and 
the body so that, in the absence of a stimulus, target tissues 
return to a ground state. Hormonal homeostasis is thus 
achieved by the coordinated release and degradation of 
bioactive hormones. Steroid hormones and their many 
metabolites are primarily inactivated by reduction and oxi 
dation in the liver. Since hundreds of adrenal steroids have 
been identi?ed (e.g., doZens of each of the sex steroids 
(androgens, estrogens and progestins), 25—35 vitamin D 
metabolites, and likely hundreds of fatty acids, eicosanoids, 
hydroxyfats and related bioactive lipids), the problem of 
ef?cient ligand elimination is critical to physiologic homeo 
stasis. In addition to the existence of a myriad of endogenous 
hormones, a similar diversity of ingested plant and animal 
steroids and bioactive xenobiotic compounds must also be 
degraded. Such compounds often are lipophilic and may 
accumulate to toxic levels unless they are metaboliZed to 
Water-soluble products that can be readily excreted. 
Therefore, the ef?cient detoxi?cation of harmful xenobiotics 
is essential to the survival of all organisms. 

Selye ?rst introduced the concept that exogenous steroids 
and pharmacologic substances may function to modulate the 
expression of enZymes that Would protect against subse 
quent exposure to toxic xenobiotic substances Selye, J. 
Pharm. Sci. 60:1—28, 1971). These compounds, Which Selye 
called “catatoxic steroids,” are typi?ed by the synthetic 
glucocorticoid antagonist, pregnenolone-16-carbonitrile 
(PCN). PCN, and a variety of xenobiotic steroids, induce the 
proliferation of hepatic endoplasmic reticulum and the 
expression of cytochrome P450 genes (Burger et al., Proc. 
Natl. Acad. Sci. (USA) 89:2145—2149, 1992; GonZaleZ et al., 
Mol. Cell. Biol. 6:2969—2976, 1986; and SchuetZ and 
GuZelian, J. Biol. Chem. 259:2007—2012, 1984). Cyto 
chrome P450 (CYP) enZyme(s), present in the endoplasmic 
reticulum of livers, often catalyZe the initial step in such 
detoxi?cation pathWays. P450’s are crucial for the detoxi 
?cation of most xenobiotics, including various environmen 
tal pollutants, procarcinogens, and drugs (for revieW see 
Denison M S and Whitlock Jr, J. Biol. Chem. 
270:18175—18178, 1995). In addition, CYPs are also 
responsible for the reduction and oxidation of steroid hor 
mones and their many metabolites. 

One consequence of PCN treatment is the induction of 
nonspeci?c “protection” against subsequent exposure to 
such diverse xenobiotics as digitoxin, indomethacin, 
barbiturates, and steroids (Selye, supra, 1971). Furthermore, 
it is knoWn that a variety of such compounds can activate 
P450 genes responsible for their detoxi?cation or degrada 
tion (FernandeZ-Salguero and GonZaleZ, Pharmacogenetics 
5:S123—128, 1995; Denison and Whitlock, supra 1995; O. 
Hankinson, Ann. Rev. Pharmacol. Toxicol. 35 :307—340, 
1995; and Rendic and Di Carlo, Drug Metab. Rev. 
29:413—580, 1997). P450’s constitute a superfamily; each 
form possesses an overlapping but distinct substrate speci 
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?city. Some P450 genes are expressed constitutively, While 
others, particularly those involved in xenobiotic 
metabolism, are inducible. In many cases, inducers are also 
substrates for the induced enZymes, therefore, P450 activi 
ties typically remain elevated only as needed. Among the 
CYP gene family members, the CYP3A isoenZyme is of 
particular signi?cance from a medical perspective. The 
human CYP3A4 enZyme is involved in the metabolism of a 
large number of clinical drugs including antibiotics, 
antimycotics, glucocorticoids, and the statin class of the 
HMG-CoA reductase inhibitors (Maurel P, Ioannides C Ed. 
(CRC Press, Boca Raton, Fla.) pp. 241—270, 1996). Indeed, 
the drug-induced CYP3A4 activation constitutes the 
molecular basis for a number of important clinically knoWn 
drug-drug interactions. CYP3A23 and CYP3A11 are rodent 
homologues of CYP3A4 in rat and mouse, respectively. 
Indeed, puri?ed CYP3A11 (P450MDX-B) exhibited com 
parable activity to CYP3A1 (another rat CYP3A 
homologue, Halvorson, et al., Arch. Biochem. Biophys. 
2771166—180, 1990) and CYP3A4 (YamaZaki, and Shimada, 
Arch. Biochem. Biophys., 3461161—169, 1996) for testoster 
one 6[3-hydroxylation, Which is thought to be one of the 
speci?c reactions for the CYP3A enZyme in rodents and 
primates (Matsunaga et al., 1998). The regions of the 5‘ 
regulatory sequences of CYP3A23 and CYP3A11 share 
high homology, including multiple putative response ele 
ments (Toide et al., Arc. Biochem. Biophy. 338143—49, 
1997), indicating similar transcriptional regulatory mecha 
nisms among these rodent CYP3A genes. 

Although there are substantial structural and catalytic 
similarities among the various members of the CYP3A 
family across species lines, important differences exist in 
regulatory control of these genes (for revieW, see GonZaleZ 
F J., Pharmacol. Ther. 4511—138, 1990, and Nelson D R., 
Arch. Biochem. Biophy, 369:1—10, 1999). For example, a 
clear discrepancy betWeen human and rodents is that the 
antibiotic RIF induces CYP3A4 in human liver (Watkins et 
al., NEnglJ Med 3381916—917, 1985) but does not induce 
CYP3A23 in rats (Wrighton et al, Mol Parmacol 
281312—321, 1985) and CYP3A11 in mice (SchuetZ et al., 
Proc Natl Acad Sci USA 93:4001—4005, 1996), respectively. 
On the other hand, the anti-glucocorticoid PCN, Which 
induces CYP3A23 in rat liver (Wrighton et al, 1985), only 
Weakly induces human CYP3A4 (SchuetZ et al., Hepatology 
1811254—1262, 1993, Kocarek et al., Drug Metab Dispos 
231415—421, 1995, Blumberg et al, Genes Dev 
1213149—3155, 1998), and does not induce CYP3A6 (Dalet 
et al., DNA 7: 39—46, 1988), a rabbit homolog With a drug 
response speci?city similar to CYP3A4 (BarWick et al, Mol 
Pharmacol 50110—16, 1996). Given the Widespread meta 
bolic importance of CYP3A, it Would be of great clinical 
bene?t to ?nd an appropriate animal model for use in 
developing a better understanding of the regulatory control 
and inter-individual heterogeneity in liver expression of 
CYP3A in humans. 

While it appears that catatoxic compounds such as PCN 
regulate the expression of cytochrome P450s and other 
detoxifying enZymes, tWo lines of evidence argue that such 
regulation is independent of the classical steroid receptors. 
First, many of the most potent compounds (e.g., PCN, 
spironolactone, and cyproterone acetate) have been shoWn 
to be steroid receptor antagonists; Whereas others (e.g., 
dexamethasone) are steroid receptor agonists (Burger, supra, 
1992). Second, the nonspeci?c protective response remains 
after bilateral adrenalectomy (and presumably in the absence 
of adrenal steroids), but not after partial hepatectomy (Selye, 
supra, 1971). 
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4 
Insight into the mechanism by Which PCN exerts its 

catatoxic effects is provided by the demonstration that PCN 
induces the expression of CYP3A1 and CYP3A2, tWo 
closely related members of the P450 family of monooxy 
genases (see, for example, Elshourbagy and GuZelian in J. 
Biol. Chem. 25511279 (1980); Heuman et al., in Mol. Phar 
macol. 211753 (1982); HardWick et al., in J. Biol. Chem. 
258110182 (1983); ScheutZ and GuZelian in J. Biol. Chem. 
25912007 (1984); ScheutZ et al., in J. Biol. Chem. 25911999 
(1984); and GonZaleZ et al., in J. Biol. Chem. 26017435 
(1985)). The CYP3A hemoproteins display broad substrate 
speci?city, hydroxylating a variety of xenobiotics (e.g., 
cyclosporin, Warfarin and erythromycin), as Well as endog 
enous steroids (e.g., cortisol, progesterone, testosterone and 
DHEA-sulfate. See, for example, Nebert and GonZaleZ in 
Ann. Rev Biochem. 561945 (1987) and Juchau in Life Sci. 
4712385 (1990)). A PCN response element (Which is highly 
conserved in the CYP3A2 gene promoter) has since been 
identi?ed in subsequent studies With the cloned CYP3A1 
gene promoter (see Miyata et al., in Archives Biochem. 
Biophysics 318171 (1995) and Quattrochi et al., in J. Biol. 
Chem. 270128917 (1995)). This response element comprises 
a direct repeat of tWo copies of the nuclear receptor half-site 
consensus sequence AGTTCA. 

In addition to inducing CYP3A gene expression, PCN has 
also been shoWn to have marked effects on hepatic choles 
terol homeostasis. These effects include signi?cant 
decreases in the levels of HMG-CoA reductase and choles 
terol 7a-hydroxylase gene expression, With associated 
reductions in sterol biosynthesis and bile acid secretion. 
PCN has also been reported to enhance the formation of 
cholesterol esters and the hypersecretion of cholesterol into 
the bile. Thus, PCN affects key aspects of cholesterol 
metabolism, including its biosynthesis, storage and secre 
tion. 

Activation of orphan nuclear receptor(s) by catatoxic 
steroids provides a possible mechanism for the induction of 
xenobiotic metaboliZing enZymes by compounds that do not 
activate knoWn steroid receptors. Because such enZymes are 
activated by high (pharmacological) doses of xenobiotic and 
natural steroids, such a “sensor” Would be expected to be a 
broad-speci?city, loW-af?nity receptor. Such receptors could 
be activated not only by endogenous steroids and metabo 
lites but also by exogenous compounds such as 
phytosteroids, xenobiotics and pharmacologic inducers. 
Indeed, it is knoWn that a variety of such compounds can 
activate P450 genes responsible for their detoxi?cation or 
degradation (see, for example, FernandeZ-Salguero and 
GonZaleZ in Pharmacogenetics 515123 (1995); Denison and 
Whitlock, Jr., supra, 1995); Hankinson in Ann. Rev Phar 
macol. Toxicol. 351307 (1995); and Rendic and Di Carlo in 
Drug Metab. Rev 291413 (1997)). 

In healthy individuals, steroid levels are tightly regulated, 
With increased catabolism of endogenous steroids being 
compensated by the pituitary releasing an increase of 
ACTH, Which stimulates biosynthesis, and maintenance of 
plasma steroid levels. The increased catabolism is re?ected 
by elevated urinary levels of steroid metabolites. Indeed, it 
is already knoWn that treatment With rifampicin increases 
urinary metabolites, such as 6[3-hydroxycortisol (Ohnhaus et 
al.,Eur J. Clin. Pharmacol. 36139—46, 1989; and Watkins et 
al., J. Clin. Invest, 831688—697, 1989), and bile acid 
metabolites, such as 6[3-hydroxy hyocholic and 
6ot-hyodeoxycholic acids (WietholtZ et al., J. Hepatol, 
241713—718, 1996), While the plasma levels of many circu 
lating steroids rise slightly due to increased synthesis 
(Lonning et al., J. Steroid Biochem. 331631—635, 1989; 
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Bammel et al., Eur. J. Clin. Pharmacol, 42:641—644, 1992; 
and Edwards et a1., Lancet 2:548—551, 1974). 
When synthetic steroids, such as prednisolone 

(McAllister et al., Br Med. J. 286:923—925, 1983; and Lee 
et 211., Eur J. Clin. Pharmaco, 45:287—289, 1993) or 1701 
ethynylestradiol P. Guengerich, Life Sci, 47:1981—1988, 
1990) are administered together With rifampicin, plasma 
levels are rapidly decreased due to enhanced urinary clear 
ance. In some patients undergoing rifampicin therapy for 
tuberculosis, the increase in urinary steroid levels has led to 
misdiagnosis of Cushing’s syndrome (KyriaZopoulou and 
Vagenakis, J. Clin. Endocrinol. Metab, 75:315—317, 1992; 
ZaWaWi et a1., Ir. J. Med. Sci, 165:300—302, 1996; and 
TerZolo et a1., Harm. Metab. Res., 27:148—150, 1995). In 
these patients, steroid production and clearance normaliZed 
When rifampicin Was WithdraWn. In patients With Addison’s 
disease, Who mostly lack the ability to synthesiZe adrenal 
steroids, rifampicin treatment leads to rapid depletion of 
endogenous and administered steroids. These documented 
clinical situations con?rm that induction of CYP3A4 causes 
increased steroid catabolism (KyriaZopoulou et al., J. Clin. 
Endocrinol. Metab. 59:1204—1206, 1984; and EdWards, 
supra, 1974). HoWever, the art is silent regarding the mecha 
nism by Which steroid metabolism is regulated in the body. 

Although therapeutically administered steroids are ben 
e?cial in achieving therapeutic goals, such compounds can, 
in some cases, increase the overall level of steroids and 
xenobiotics above physiologically compatible levels in the 
subjects to Whom they are administered. In other cases, the 
increased level of steroids and/or xenobiotics may linger in 
the body longer than is therapeutically required. In addition, 
some subjects are treated With combinations of steroids and 
xenobiotics that may be administered separately to treat 
different conditions, but Which, in combination, have an 
additive, or even synergistic, effect knoWn as a drug inter 
action. In such cases, the patient may be unaWare When a 
physiologically incompatible level of steroids and xenobi 
otics has been reached, or When an otherWise therapeutic 
amount of a steroid becomes potentially dangerous due to 
combined effects of separately administered drugs. 

ThiaZolidinediones (TZDs) are a neW class of oral antidia 
betic agents, and have been identi?ed to be the synthetic 
ligands for peroxisome proliferator-activated gamma 
(PPARy) (for revieWs, see Spiegelman, 1998, and Wilson 
and Wahli, 1997). TroglitaZone is the ?rst TZD introduced 
for clinical use. Although troglitaZone is effective in reduc 
ing hyperglycemia, concern has been raised by several 
reports of severe hepatic dysfunction leading to hepatic 
failure in patients receiving the drug (NeuschWander-Tetri et 
a1, 1998, Shibuya et a1., 1998, and for a revieW, see Watkins 
and Whitcomb, 1998). The mechanism of the liver toxicity 
by TZDs remains largely unknoWn. 

Accordingly, there is still a need in the art for the 
identi?cation and characterization of broad speci?city, loW 
af?nity receptors that participate in the mediation of the 
physiological effect(s) of steroids and xenobiotics, particu 
larly When combinations of such compounds disrupt homeo 
stasis or cause drug interaction. 

SUMMARY OF THE INVENTION 

In accordance With the present invention a novel class of 
human orphan nuclear receptor the steroid and xenobiotic 
receptor (SXR) has been isolated and characterized. SXR is 
expressed almost exclusively in the liver, the primary site of 
xenobiotic and steroid catabolism. Unlike classical steroid 
receptors, SXR heterodimeriZes With RXR and binds to 
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directly repeated sequences related to the half-site, AGT 
TCA. SXR can activate transcription through response ele 
ments found in some steroid inducible P450 genes in 
response to an enormous variety of natural and synthetic 
steroid hormones, including antagonists such as PCN, as 
Well as xenobiotic drugs, and bioactive dietary compounds, 
such as phytoestrogens. The ability of SXR to regulate 
expression of catabolic enZymes in response to this diversity 
of steroid and/or xenobiotic compounds provides a novel 
mechanism for direct regulation of metabolism so as to 
achieve physiologic homeostasis With respect to such steroid 
and/or xenobiotic compounds—ideal properties for a “ste 
roid sensing receptor” Which mediates the physiological 
effect(s) of hormones. SXR represents the ?rst neW class of 
steroid receptors described since the identi?cation of the 
mineralocorticoid receptor ten years ago. 

In accordance With a particular aspect of the present 
invention, there are also provided nucleic acid sequences 
encoding the above-identi?ed receptors, as Well as con 
structs and cells containing the same, expression systems 
comprising such receptors and/or the corresponding 
response elements, therapeutic expression systems compris 
ing such receptors for induction and/or modulation of target 
proteins and probes derived therefrom. There are also pro 
vided transgenic animals expressing human SXR. 
Furthermore, it has also been discovered that a Wide variety 
of substrates modulate the transcription activating effects of 
invention receptors. 
An important requirement for physiologic homeostasis is 

the removal and detoxi?cation of various endogenous hor 
mones and xenobiotic compounds With biological activity. 
Much of the detoxi?cation is performed by cytochrome 
P450 enZymes, many of Which have broad substrate speci 
?city and are inducible by a beWildering array of 
compounds, including steroids. The ingestion of dietary 
steroids and lipids induces the same enZymes and, thus, must 
be integrated into a coordinated metabolic pathWay. Instead 
of possessing hundreds of receptors, one for each inducing 
compound, a class of broad-speci?city, loW-af?nity nuclear 
receptors has been discovered that monitor total steroid 
levels and induce the expression of genes encoding xeno 
biotic metaboliZing enZymes. SXR, Which is a member of a 
novel branch of the nuclear receptor superfamily, forms part 
of a steroid sensor mechanism for removal of elevated levels 
of steroids and/or xenobiotic compounds from circulation 
via broad-speci?city, loW-af?nity receptors that represent a 
novel branch of the nuclear receptor superfamily. 

Several lines of evidence suggest SXR functions as a 
sensor for xenobiotic compounds and/or steroids, acting as 
a feedback mechanism in the liver to regulate the expression 
of CYP genes: (1) SXR is expressed at high levels in liver 
and small intestine, tWo key tissues for steroid and xenobi 
otic catabolism; (2) Putative SXR response elements, 
inverted repeat-6 (IR-6) and direct repeat-3 (DR-3), are 
found in the genes encoding and/or effected by catabolic 
enZymes expressed in these tissues, such as those of the 
CYP3A4 and CYP3A23, as Well as those of P450 oxi 
doreductase CYP2A, CYP2C, CYP2E, and glucouronosyl 
transferase, all knoWn to be involved in steroid and xeno 
biotic catabolism (for a revieW, see GonZaleZ, F. J ., Trends. 
Pharmacol Sci, 13:346—352, 1992); (3) Compounds knoWn 
to induce catabolic enZymes such as RIF, nifedipine, steroid 
agonists and antagonists such as estrogen and tamoxifen, 
and bioactive dietary compounds such as phytoestrogens, 
activate a synthetic reporter gene containing these response 
elements; (4) Some of these compounds When partially 
metaboliZed (reduced), but still retaining biological activity, 
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are activators of SXR but not classic steroid receptors. The 
recently isolated PXR is the rodent homolog of SXR. 
Sequence analysis reveals that SXR and PXR share only 
about 75% amino acid sequence identity in the ligand 
binding domain (LDB), in contrast to 95% identity betWeen 
their DNAbinding domains (DBDs) (Blumberg et al., supra, 
1998). Comparison of SXR With PXR reveals marked dif 
ference in their activation by certain drugs, Which may 
account in part for the species-speci?c effects of compounds 
on CYP3A gene expression. 

In accordance With the present invention, it has been 
demonstrated that introduction of human SXR into rodent 
hepatocytes or into the liver of transgenic mice is suf?cient 
to render a human-like pro?le of CYP3A gene induction by 
certain drugs such as RIF. For example, constitutive activa 
tion of SXR and the resulting upregulation of CYP3A gene 
causes liver toxicity in transgenic mice. In addition, it has 
been shoWn that tWo TZDs, troglitaZone and ciglitaZone, 
activate CYP3A gene expression via SXR, but not PXR, 
both in cell culture and in transgenic mice. The SXR 
mediated CYP3A gene activation by TZDs, together With 
the demonstrated liver toxicity caused by constitutive 
upregulation of CYP3A in mouse, provides a potential 
mechanism for the knoWn liver toxicity by certain TZDs. 

In accordance With another aspect of the presenti invenion 
there is provided an expression system that can be ef?ciently 
regulated by one or more FDA-approved drugs. The expres 
sion system utiliZes endogenous SXR or PXR receptors to 
regulate target genes in response to exogenously adminis 
tered activators, such as approved FDA drugs, nutritional 
supplements, and the like. In a particular aspect of the 
invenion, one can exploit variations in the ligand binding 
domain of SXR and/or PXR to enhance or alter affinity for 
speci?c drugs. The variations can be either natural or 
directed variations and/or mutations to the binding domain. 
In a non-limiting example, a rodent xenobiotic receptor, for 
example PXR, fails to respond to administered rifampicin. 
In contrast, a human xenobiotic receptor, for example SXR, 
fails to respond to the rodent inducer xenobiotic molecule 
PCN. Thus, the rodent receptor sequence, When introduced 
into an expression vector and placed into mammalian cells 
having human protein components can be induced, activated 
and/or controlled by the addition of rodent inducer xenobi 
otic molecule PCN. This type of system can be implemented 
by using an expression vector comprising the human SXR 
sequence in an expression vector introduced into rodent 
cells. 

The expression system of the invention can be used in 
either a cell culture to create expression vector based sys 
tems having target genes of interest linked to xenobiotic 
receptor response elements in an operable, or activatable 
manner, alloWing the introduction of a xenobiotic compound 
and/or excess xenobiotic receptors to cause production of 
the target gene of interest, for example a cytokine (G-CSF), 
a hormone (e.g., insulin), a blood component (e.g., factor 
IX), or a toxic protein (triplet repeat or caspace). The 
expression system also alloWs controlled induction of pro 
teins to manipulate cell groWth, function or differentiation, 
When speci?c target genes/proteins are part of the expression 
system. In vivo uses can include expression in transgenic 
animals, Where it can be important or valuable to create an 
inducible system to serve as a model representing the onset 
of a human disease or to monitor the consequence of the 
induction of a particular protein of potential therapeutic 
interest. In addition, the expression system of the present 
invention can be used to create controlled ablation of certain 
target tissues With potential advantages for studying both the 
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8 
development of the tissue as Well as activating or enhancing 
stem cell production. The expression system can also be 
useful to employ in other eukaryotic cells such as in a 
yeast-based expression vector system or, as one of skill in 
the art Would recogniZe, in other eukaryotic cells such as in 
plants for agricultural based use. For example, in plants 
existing pesticides can be identi?ed that Would activate 
expression systems comprising proteins of interest operably 
linked to xenobiotic receptors as described herein to induce 
and promote production of a gene of interest. 

The present expression system can also be employed in 
the treatment of human disease, as a therapeutic expression 
system. The expression system can be delivered by Way of 
a retroviral-based vector or other gene transfer methodology 
Which is knoWn in the art, Where the sWitch can be intro 
duced into cells in vivo or to explanted cells Which after 
infection or introduction of the expression system, Would be 
re-introduced back into the host, subject and/or donor. Thus, 
for example, stem cells could be harvested from bone 
marroW, infected in vitro With high titer virus comprising the 
expression system of the invention and then the harvested 
cells are returned to the host, subject and/or donor providing 
a system in Which a particular target protein can noW be 
readily induced to target cells for example orally by taking 
a pill of antibiotic rifampicin, or by suitable administration 
to cells of any compound recogniZed by the xenobiotic 
receptor as a ligand. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 collectively illustrates that SXR is a novel orphan 
nuclear receptor. 

FIG. 1A shoWs the sequence of the longest SXR cDNA 
clone (SEQ ID NO: 1) and a corresponding encoded protein 
(amino acids 41—434 of SEQ ID NO: 2). The DNA binding 
domain (amino acids 41—107) is shoWn in bold, and 
upstream termination codons in frame With the putative 
initiator leucine are indicated by asterisks. That this Leu can 
function as an initiator Was demonstrated by SDS-PAGE 
analysis of labeled proteins produced from in vitro 
transcribed, translated cDNAs. The unmodi?ed cDNAs 
yielded a translation product indistinguishable in siZe from 
that produced When the leucine Was changed to methionine, 
albeit not nearly as ef?cient. 

FIG. 1C presents a schematic comparison betWeen SXR 
and other members of the steroid hormone receptor super 
family such as e.g., RXR partners, the Xenopus benZoate X 
receptor (xBXR), the human vitamin D3 receptor (hVDR), 
the human constitutively active receptor-alpha (hCARot), 
the rat farnesoid X receptor (rFXR), the human peroxisome 
proliferator activated receptor alpha (hPPARot), the human 
liver-derived receptor X (LXRot), the human retinoic acid 
receptor alpha-1 (hRARot-l), the human thyroid hormone 
receptor beta (hTRB), the human retinoid X receptor alpha 
(RXRot) and the human glucocorticoid receptor alpha 
(hGRot)). Ligand-binding domain boundaries folloW those 
for the canonical nuclear receptor ligand-binding domain 
(WurtZ et al., Nature Struct. Biol. 3:87—94, 1996). Similarity 
betWeen SXR and other receptors is expressed as percent 
amino acid identity (indicated in Arabic numerals above 
each clone). Amino acid residues in the sequences Were 
aligned using the program GAP (Devereaux et al., Nucl. 
Acids Res. 12:387—395, 1984). DNA=DNAbinding domain 
and LIGAND=ligand binding domain. 

FIG. 2 illustrates that SXR is activated by many steroids. 
Chimeric receptors composed of the GAL4 DNA-binding 
domain and the SXR-ligand binding domain Were cotrans 




























































